Ehrlichia canis and Hepatozoon canis are agents that cause severe infection in dogs worldwide. These tick-borne bacteria and parasites like E. canis and Hepatozoon spp. respectively are significant pathogens of domestic dogs and potentially deadly due the nonspecific clinical signals. Although the symptoms of ehrlichiosis and hepatozoonosis are nonspecific, some of the major clinical signals in this disease are mild anemia, anorexia, myositis, gait abnormalities, and bleeding (petechiae and epistaxis) (Dantas-Torres 2008) .
E. canis, a pleomorphic Gram-negative bacterium, is classified in the family Anaplasmataceae, and is generally transmitted by the brown dog tick Rhipicephalus sanguineus, with worldwide distribution (Harrus et al. 1999) . R. sanguineus is an intracellular agent that primarily infects the leukocytes and endothelial cells of mammals, and this occurs at the time when their respective tick vectors become attached to and feed on these mammals; it is a salivary transmission (Mylonakis et al. 2010) . Dermacentor variabilis (Acari: Ixodidae) is also capable of transmitting E. canis in dogs (Johnson et al. 1998) .
H. canis is a parasite that has been reported infecting a variety of carnivore species worldwide, including domestic dogs and wild canids (Smith 1996) ; moreover. multiple H. canis infections have been reported in domestic dogs in Brazil (O'Dwyer 2011), and the species found in dogs is considered to be H. canis (O'Dwyer 2011). However, there are two described species: H. canis and Hepatozoon americanum (Baneth et al. 2003) .
It is important to emphasize that many dogs exposed to E. canis and H. canis seroconvert, but they rarely develop clinical disease (Harrus et al. 1999; Dantas-torres 2008) . A recent study on experimental canine ehrlichiosis showed that adenosine deaminase (ADA; EC 3.5.4.4) activity and adenosine levels in dogs modulated the immune response (Da Silva et al. 2013a ). However, in relation to hepatozoonosis, no data on such activity is available. ADA catalyzes the irreversible deamination of adenosine and deoxyadenosine to inosine and deoxyinosine, respectively, and closely regulates extracellular adenosine concentrations (Franco et al. 1997) . It is widely distributed in mammalian tissues (its highest activity is in lymphoid tissues), and it is primarily associated with T lymphocyte proliferation (Tritsch and Minowada 1978) .
Evaluations on ADA activity in different diseases have shown that it has different patterns. For example, high levels of serum ADA have been reported in infectious diseases such as viral and bacterial pneumonia, extrapulmonary and pulmonary tuberculosis, and visceral leishmaniasis (Tripathi et al. 2008; Gupta et al. 2010 ). On the other hand, reduced ADA activity in serum from rats experimentally infected with Trypanosoma evansi has been observed (Da . Therefore, the aim of our study was to assess the ADA activity in serum from dogs naturally infected with E. canis and H. canis, in cases of single and mixed infection.
Blood samples from dogs originating from the cities of Villavicencio and Bucaramanga, Colombia, were collected to investigate the presence of Ehrlichia spp. and Hepatozoon spp. All the whole blood samples of this study were submitted to parasitological diagnosis of the polymerase chain reaction (PCR) using a specific primer for each parasite (VargasHernández et al. 2012a, b) . Serum was also obtained from the samples by means of centrifugation at 3500 g for 10 min.
Serum samples stored at −80°C from 49 dogs were used in the current study. These dogs presented single infection [E. canis (n=15) and H. canis (n=8)] or mixed infection [E. canis and H. canis (n=14)], or were healthy (uninfected; n=12). Among the animals infected with E. canis (n=15), eight dogs showed no clinical signs (asymptomatic-subclinical infection) and seven had clinical signs (symptomatic-acute or chronic infection). Infected animals in this study showed thrombocytopenia.
These samples were used to evaluate ADA activity in serum. ADA activity was measured spectrophotometrically in serum by means of the method of Giusti and Gakis (1971) , using adenosine as the substrate. The sample analysis was carried out in duplicate, and the enzyme activity was expressed in U L −1
. These data were subjected to a normality test, which showed that all the data had normal distribution. The data were then subjected to the Tukey test, and values with probability (P) less than 5 % were considered to be statistically different. The data were presented as mean values±standard deviation.
The ADA activity was lower (P<0.001) in the dogs with single and mixed infections due to E. canis and H. canis than in the uninfected dogs. There was no statistical difference (P>0.05) among asymptomatic and symptomatic dogs for E. canis. Infected animals by E. canis with symptomatic signals had significant reduction on ADA activity (P<0.01) in serum of dogs when compared to H. canis (Fig. 1) . Through exploring our results, we observed that the reduction in ADA activity caused an increase in the extracellular adenosine concentration, which acts as a sensor and provides information to the immune system regarding tissue damage or acute inflammatory changes occurring in the vicinity of the immune system (Kumar and Sharma 2009) . In this, adenosine has an antiinflammatory effect because it inhibits the proliferation of inflammatory mediators. Corroborating the literature, an experimental study among dogs infected by E. canis showed that the ADA activity was reduced and the adenosine levels were increased in the serum samples (Da Silva et al. 2013a ). Therefore, the results from the present study confirm that the alterations in ADA activity seen in experimental infection are similar to cases of natural infection by E. canis (asymptomatic and symptomatic animals).
Our results are concordant with the findings reported by other researchers relating to experimental infection of dogs Silva et al. 2013b) . Considering the immune response of diseases, it is generally recognized that cell-mediated immunity is important in protection against intracellular parasites. This would also apply to E. canis and H. canis (Dantas-Torres 2008) because of their intracellular location. For example, it was previously reported that expression of IFN-γ mRNA was detected in the peripheral blood mononuclear cells (PBMC) of E. canis-infected dogs within 3 days of infection, and that expression of mRNA continued for more than 50 days (Tajima and Rikihisa 2005 ). Thus, an increased level of proinflammatory cytokines can be attributed to activation of the immune response and to parasitemia control, as reported in cases of other infections caused by hemoparasites, like babesiosis (Shoda et al. 2000) , ehrlichiosis (Tajima and Rikihisa 2005) , hepatozoonosis (Kiral et al. 2005) , and trypanosomiasis (Paim et al. 2011) . In this regard, a decrease in ADA activity would lead to inhibition of this response through the action of extracellular adenosine in purinergic receptors, as a compensatory effect, thus attenuating inflammation and tissue damage.
Infected dogs of this study had thrombocytopenia, and the ADA may be involved negatively in the pathogenesis of the disease. For the reduction, ADA can lead to increased adenosine in serum (Da Silva et al. 2013a) , a molecule that when in high concentrations can interfere in the process of platelet aggregation (Kumar and Sharma 2009; Da Silva et al. 2013a) , and thus contributing to the intensification of bleeding, pathological findings observed in canine ehrlichiosis (Harrus et al. 1997) , noting that adenosine molecule is known as antiplatelet.
Therefore, based on the results observed, it was possible to conclude that there is lower ADA activity in dogs that are naturally infected with E. canis and H. canis, similar to what occurred in experimental infection by E. canis. The reduction in ADA activity probably occurs in order to attenuate and/or modulate the extensive inflammatory process generated by both of these diseases, and to reduce cell and tissue damage. Dogs affected with E. canis, H. canis, and coinfected present immunosuppression with low cell type response, and reduced ADA can contribute to this anti-inflammatory enzyme response. Furthermore, reduction of ADA activity and consequently elevation of adenosine, an anti-aggregating, may contribute to clotting disorders characteristic of the disease.
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